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Tuesday, February 28, 2012 463aincreasing metastatic potential of tumor cells. In this work, we present a struc-
tural model of S100A4 - NM2A interaction based on the crystal structure of
S100A4 in complex with a NM2A fragment (Arg1894-Lys1937), as well as cir-
cular dicroism spectroscopy and isothermal titration calorimetry (ITC) studies.
According to ITC measurements, a 45-residue-long fragment of the myosin
tailpiece binds to S100A4 with nanomolar affinity and a stoichiometry of
one myosin peptide per S100A4 dimer. The crystal structure reveals a novel
mode of interaction in the S100 family: a single, predominantly a-helical pep-
tide is wrapped around the Ca2þ-bound S100A4 dimer occupying both hydro-
phobic binding pockets. Thermal denaturation experiments of a coiled-coil
forming longer NM2A fragment indicate that the coiled-coil partially unwinds
(~15 residues) upon S100A4 binding. Based on these results we propose
a model for NM2A filament disassembly: the random coil tailpiece and the
C-terminal residues of the coiled-coil are wrapped around an S100A4 dimer
which disrupts the ACD causing filament disassembly. The description of the
complex will facilitate the design of specific drugs that interfere with
S100A4-NM2A interaction. (Supported by the Hungarian Scientific Research
Fund, the European Social Fund (TA´MOP), and the Swedish Research
Council.)
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Complement fragment C3d, a key component of the complement immune sys-
tem, is involved in the opsonization of foreign pathogens (as a domain of C3),
and is a link between innate and adaptive immunities. The complement immune
system is an ancient mechanism for defense, and can be found in species that
have been on the earth for the last 600 million years; however, the link between
the complement system and adaptive immunity is a much more recent adapta-
tion. Human C3d has high charge content, as do most complement proteins, and
is believed to have evolved favoring the role of electrostatics in its function. To
investigate the role of electrostatics in the function and evolution of human
C3d, we have constructed 23 homology models of C3d homologues from var-
ious animal species with sequence similarities in the range of ~30-80%. Elec-
trostatic potentials of each homologue were calculated and electrostatic
similarity methods were employed to identify conserved electrostatic ‘‘hot-
spots’’. Electrostatic similarity methods were also utilized to analyze the effects
of structural perturbations on the electrostatic character of the C3d homologues.
Distributions of electrostatic similarity, based on families of perturbed struc-
tures produced either through an MD simulation or theoretical alanine-scan
mutagenesis, illustrate that the electrostatic character of the functional sites
of human C3d are resistant to change. Electrostatic similarity analysis of com-
plement C3d identifies the binding sites for both host and pathogenic ligands,
and such analysis could serve as a guide in computational drug design targeting
C3d.
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Beta-lactamases hydrolyze the beta-lactam ring of antibiotics, rendering them
ineffective. Understanding the inhibitor recognition mechanism of beta-
lactamases will give important information toward the fight against beta-
lactamase mediated antibiotic resistance. Most inhibitors of beta-lactamase
bind to the active site and thus inhibit beta-lactamase in a competitive manner.
An allosteric inhibitor binding site, near the H10 helix (residues 218-230), has
also been discovered in TEM-1 and KPC-2 beta-lactamases. Multiple sequence
alignment of beta-lactamases shows that Trp 229, which resides on the H10 he-
lix, is a highly conserved residue within the beta-lactamase family. In this
study, computational mutagenesis of Trp 229 on two clinically relevant beta-
lactamases, TEM-1 and SHV-1, was performed. Beta-lactamase inhibitor pro-
tein (BLIP) is known to bind TEM-1 with 1000 fold higher affinity than it binds
to SHV-1. Molecular dynamics simulations were carried out on the unbound
and BLIP bound forms of the wild type and W229A mutant beta-lactamases.
The simulation trajectories were analyzed to obtain information about the
changes in mobility. The binding free energies of the beta-lactamase - BLIP
complexes were obtained and the individual energy terms contributing to the
difference in affinity in the different mutants were determined. The results
were compared for TEM-1 and SHV-1 to elucidate the difference in affinity to-
ward BLIP. The change in binding dynamics upon mutation of Trp 229 was ex-
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Integrins are ab heterodimeric transmembrane receptors that mediate cell-cell
and cell-matrix adhesion through interactions with ligands (Cell 69, 11, 1992).
aVb3 integrin is a receptor important in tumor angiogenesis and metastasis, in-
flammation, and bone resorption (J. Clin. Invest. 103, 1227, 1999). aVb3 integ-
rin binds to multiple ligands including extracellular matrix protein fibronectin
to regulate cellular activities (J. Biol. Chem. 275, 21785, 2000). The structural
bases of activation and regulation of aVb3 integrin by binding to fibronectin
remain unclear. This study investigated the conformational and dynamical mo-
tion changes of the extracellular domain of aVb3 integrin by binding to fibro-
nectin. We constructed aVb3-fibronectin complex based on the crystal
structure of the extracellular domain of aVb3 integrin in complex with RGD
ligand (Science 296, 151) and the crystal structure of module 9 and 10 of fibro-
nectin (Cell 84:155) through geometrically fitting, and the missing residues in
aV and b3 subunit were constructed using homology modeling. We performed
180 ns molecular dynamics simulations to determine the changes of the confor-
mation, dynamical motion and cation Mn2þ binding in aVb3 induced by liga-
tion with fibronectin. Results showed that fibronectin binding to aVb3 resulted
in the changes of dynamical motion between different domains of aV and b3
subunit. These dynamical motions caused the tendency of the opening confor-
mation between the head and tail regions of aVb3 and the orientation change
between hybrid domain and bA domain in b3 subunit with swing-out tendency,
which contributed to aVb3 activation. We observed the relative movement be-
tween a1 and a7 helix in bA domain and stabilized cation Mn2þ binding in
aVb3 by ligation with fibronectin, which were directly correlated with aVb3
activation. Results provide molecular and structural insight for the activation
mechanisms of aVb3 integrin by binding to fibronectin.
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The analysis of bio-molecular interactions, such as protein-protein or protein-
nucleic acids provides novel insights into basic cellular processes. Techniques
currently employed to interrogate these interactions typically require some type
of labeling by fluorescent or radioactive tags or rely on a surface-coupling of
one binding partner (SPR).
The attachment of a binding partner to either a tag or to a surface may alter or
inhibit the functionality of the binding characteristics. So far, truly label-free
interaction studies are mostly performed with isothermal titration calorimetry
(ITC).
Here we show a new label-free and preparation-free technique to analyze the
affinity of bio-molecular interactions based on the recently invented method
of microscale thermophoresis (MST). The technique allows high fidelity mea-
surements of protein-DNA interactions, the binding of receptors to their ligands
and of low molecular weight binders to target proteins.
Label-free MST uses the directed movement of molecules in optically gener-
ated microscopic temperature gradients. This thermophoretic movement is de-
termined by the entropy of the hydration shell around the molecules. Almost all
interactions between molecules and also virtually any biochemical process re-
lating to a change in size, stability and conformation of molecules alter this hy-
dration shell and can thus be determined and quantified. Up to now, reports on
this technique rely on a fluorescent tag added to one of the binding partners.
Here, we show the use of the intrinsic tryptophane fluorescence. Most proteins
possess one or few tryptophane residues, offering a widespread use of this
source of fluorescence.
We exemplify the technique by investigating the binding of ligands to mem-
brane receptors, quantifying protein-DNA interactions, ion-protein interactions
and screen for small molecule binders to the kinase p38. All groups of interac-
tions were readily accessible by label-free MST and the measured affinities
confirmed values reported in the literature.
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Isothermal titration calorimetry (ITC) is the gold standard for the quantitative
characterisation of protein-ligand and protein-protein interactions. However,
464a Tuesday, February 28, 2012reliable determination of the dissociation constant (KD) is typically limited to
the range 100 mM > KD > 1 nM. Nevertheless, interactions characterised by
a higher or lower KD can be assessed indirectly, provided that a suitable com-
petitive ligand is available whose KD falls within the directly accessible win-
dow. Unfortunately, the established competitive ITC assay requires that the
high-affinity ligand be soluble at high concentrations in aqueous buffer contain-
ing only minimal amounts of organic solvent. This poses serious problems
when studying protein binding of small-molecule ligands taken from com-
pound libraries dissolved in organic solvents, as is usually the case during
screening or drug development.
Here we introduce a new ITC competition assay that overcomes this limitation,
thus allowing for a precise thermodynamic description of high- and low-affinity
protein-ligand interactions involving poorly water-soluble compounds. We dis-
cuss the theoretical background of the approach and demonstrate some practi-
cal applications using examples of both high- and low-affinity protein-ligand
interactions.
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Abscisic acid (ABA) is a plant hormone present in all plant-based food and has
no known toxic effects. Recently, ABA was shown to modulate various aspects
of human disease states in model systems. Presumably, ABA mediates its re-
sponses through binding to receptors of as yet unknown identity. Using an
ABA mimetic photoaffinity probe applied in a chemical proteomics approach
we identified the 78 kilodalton glucose regulated protein 78 (GRP78;
HSPA5; BiP) and 70 kilodalton heat shock protein (HSP70-2) as putative hu-
man ABA-binding proteins. Both of these proteins have intracellular roles in
protein folding and are also known to be involved in extracellular receptor ac-
tivities at the cell membrane. Characterization of the binding of ABA to the
proteins of the heat shock protein 70 (HSP70) family, HSP70-1 and GRP78
was carried out by surface plasmon resonance spectroscopy (SPR) in the pres-
ence and absence of co-chaperone, DnaJ. DnaJ is known to control substrate
binding of heat shock proteins. The binding affinities of both GRP78 and
Hsp70-1 for ABA were found to be in the mM range and increased dramatically
in the presence of the co-chaperone. The lack of SPR signal upon injection of
structurally but not functionally related molecule trans-cinnamic acid (CA),
highlights the specificity of the ABA interaction with GRP78. Interestingly,
ABA had differential effects on modulation of the ATPase activity of these
two HSP70 family proteins. Overall this work highlights a novel and potentially
important interaction between a dietary plant hormone and human heat shock
proteins. Determination of the biological relevance of this ABA/HSP interac-
tion is currently underway.
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The interactions between glycosaminoglycans (GAGs), important components
of the extracellular matrix (ECM), and proteins such as growth factors and che-
mokines play a critical role in cellular regulation processes. Previous work on
the chemokine Interleukin-8 (IL-8) has focused on its interaction with heparin
and heparan sulfate, which regulate chemokine function. Nevertheless, low or
non sulfated GAGs such as hyaluronan (HA), dermatan sulfate (DS) and chon-
droitin sulfate (CS), also contained in the extracellular matrix, have so far not
been studied with regard to their distinct binding properties towards IL-8.
In this work, we combine fluorescence as well as solution NMR experiments to
study the recognition properties of GAG hexasaccharides, including HA, CS,
DS and heparin, to IL-8. Using 1H-15NHSQC spectroscopy of IL-8 in the pres-
ence of varying GAG concentrations, the interacting amino acid could be iden-
tified. Furthermore to observe lysine side chains, a reductive methylation with
[13C]-formaldehyde, adding two methyl groups to the ε-NH3þ of lysines with-
out altering the positive charge, was performed. In order to resolve the signals
from the lysine side chains, 1H-13C HSQC spectra were recorded and the in-
fluence of the GAGs was tested again.
The results show that an increase in GAG sulfation enhances the strength of the
binding to the protein. In addition, in cases of equal degree of sulfation the po-
sition of the sulfate group plays a crucial role sugessting that interactions be-tween proteins and GAGs are not purely electrostatically driven and steric
forces as well as contributions from hydrogen bonds have to be considered.
These observations were also confirmed by molecular docking and dynamic
simulations providing a structural picture of the interaction of IL-8 with various
GAGs.
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Two forms of biosensor for inorganic phosphate (Pi) have been developed,
based on the phosphate binding protein of Escherichia coli, and are now widely
used for time-resolved measurements of enzymes that produce Pi. One form is
an adduct with a single coumarin fluorophore. For the second version, two cys-
teine mutations were introduced and labeled with a rhodamine. When physi-
cally close to each other and appropriately orientated, two rhodamine dyes
can interact to form a non-covalent dimer. In this state they have little or no
fluorescence, unlike the high fluorescence intensity of monomeric rhodamine.
The labeling sites were so placed that the distance and orientation between the
rhodamines changes with the conformation change associated with Pi binding.
This movement alters the extent of interaction between rhodamines and gives
a large fluorescence increase as Pi binds. In both these forms, Pi binds rapidly
and tightly, making them good probes for rapid reaction assays, where all Pi can
be bound to the biosensor: that is, the probe must be at least stoichiometric with
the Pi. The rhodamine version has a large advantage over coumarin in terms of
sensitivity and photobleaching. However, to make the probe more useful for
different assay formats, such as high-throughput, the biosensor would best be
used sub-stoichiometrically. This is more efficient in terms of usage amounts
and has the potential of measuring over a wider range of Pi concentrations.
To achieve this, several strategies were examined to locate mutations on this
two domain protein to weaken the Pi binding while maintaining the fluores-
cence response.Heme Proteins
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Many of the biological and non-biological roles and uses of protoporphyrin-IX
(PPIX) depend on its ability to bind large macromolecules such as human se-
rum albumin (HSA). HSA is relevant to both biomedical and technological
applications of PPIX (both free-base and metal), and its binding site for
PPIX-derivatives is well established. Once bound, Heme (FePPIX) has be
shown capable of transiently bestowing altered ligand-binding and pseudo-
enzymatic properties to HSA that could be linked to biological functions.
The irradiation of PPIX non-covalently bound to Beta-Lactoglobulin (BLG)
is known to produce protein conformational changes that appear to be pH-
dependent due to BLG’s intrinsic conformational transitions. These processes
have not been extensively studied in non-physiological pH conditions for
FePPIX or PPIX bound to HSA. This study implemented a combination of op-
tical methods and computational simulations to compare the binding character-
istics of hemin and PPIX to HSA as well as examine the structural effects of
low-dose irradiation of the ligand on the protein at different pH. Spectroscopic
data suggests that irradiation of the porphyrins’ Soret band, when bound to
HSA, is capable of modifying the globular protein structure by direct charge
transfer mechanisms at both physiological and acidic pH conformations. Com-
putational docking simulations predict lower free energy of binding for PPIX
than for heme.
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Hemoglobin (Hb) without heterotropic effectors or stripped Hb, is an O2-carrier
with a high-affinity (P50<1 mmHg, KR = 10 /mmHg. and KT = 0.3 /mmHg), a modest
cooperativty (KR/KT = 30), and a minimal Bohr effect (DH
þ = 0.04 Hþ/Hb).
Thus, though the cooperative mechanism of Hb without consideration of heter-
otrpic effects, may be of academic interest, stripped Hb is not a viable O2-car-
rier under physiological conditions of PO2 from 7 to 23 mmHg at 15
oC (or from
30 to 100 mmHg at 37
oC). Such a benign functionality of stripped Hb is greatly
